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| ‘This paper on mining practice, at. the Fresnillo silver mines is one of 
-&eeries being prepared by the- Bureau-of Mines on mining Perens? Benen 
ani costs in the various mining districts of North America. : 


:. Two Classes of ore are produced at Fresnillo. .A low-grade oxidized 
silver ore; and a complex—base sulphide ore containing gold, silver, lead,.. 
Zinc, and copper. This paver is confined to a discussion of operations. re~ 
Jating ‘to the nroduction of oxidized silver ores. To date,. more than ]0: 
uillion tons of this ore have been mined. The present (June, 1931) daily 
Production is 2,000 tons of ore, and approximately 600 men are employed in 


the — eh oe ; 
| joe cnianaunne 


Thanks are dué to ‘Thomas C.: Baker, general manager of The Fresnillo 
°+s for free use of his article on Fresnillo glory-hole practice,” and for 
ia ae pia an ois DESpere teen of this paper. 


LOCA ON 


—e Froani ilo is 35 miles north of the city of Zacatecas, Mexico, and 750 

8 south of 1 Paso, Tex. It is connected with the Mexican Central. Rail- 
ay ly a 51/2 mile standard-gage spur owned by the mining company. The 
ite a 12,000 population, is located in.a broad semiarid valley on the 
part] plateau, .at an altitude of .7,500 feet above sea level. It is 
: y surrounded by -a..number of. teh hills, the largest of which, called 


The aren of Wines will: walcons reprinting of thie ‘paper, ‘provided the 
pee: footnote acknowledgment is used: "Reprinted from. U. S 
cn ie of a. Mines Information Circular 6661. "! 
Ring eu © Consulting engineers, U. S. Bureau of Mines, and assistant 
‘Beker Perintendent, The Fresnillo Co. 
our eeomas C., Fresnillo Glory-hole ining: Pyactive: img. and Min. 
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Proano Hill, lies to the south. In and under Prosfio Hill liés an extensive 

devosit of silver ore which hag been the basis’ of important mining operations 
for the last 350 years and Which, under the present more intensive exploita- 
tion, still has a aS productive life ore ee 


HI STORY 


The Snanish "conquistadores" reached Zacatecas in the year 1546 and dis- 
covered the enormous bodies of. silver ore that have placed the Zacatecas dis- 
trict fourth in the history of the world in total production of silver 
bsallion. Though only 35 miles from Zacatecas, the Fresnillo mines were not 
discovered until 1570. Mining onerations bezun at that time were carried on 
intermittently and through many vicissitudes for 250 years. By 1835 most of 
the ricner and easily accessible ore had been exhausted, and the mines had 
reached « denth where drainage of the workings had become a vital problem 
with which the many small companies. and independent operators were individual- 
ly unable to cope. The various properties were consolidated by government de- 
cree and control of the rhole operation massed to an English commany. 


For the ensuing 30 years the mines experienced’ a tremendous revival under 
the influence of an-abdle and progressive management’. ‘Tro Cornish pumps were 
brougut from England -and hauled overland on wagons from Vera Cruz to Fres- _ 
nillo. They were erected in a very substantial way, with surface buildings, 
boiler houses y and stacks: of cue stone, the Jatter about 80 feet high. 


T9 shafts were sunik, one ll by 19 feet, the other 10 by 14 feet, and 
reached a total depth of 1,400 feet below the plain. Mining onerations on @ 
large scale for the period were successfully carried on at that denth. 


During the period, the Patio process for extracting the s ilver from the 
ore by amalzamation was brousut te'a high noint of development. Steam- 
driven arrastres, colloquially called "tahonas," were used to grind the ore. 
The Hacienda Proano vas constructed, 1,150 feet square and enclosed in walls 
18 feet 2ich and 3 feet thick; also a theatre, a church, and a large build- 
ing to nouse a School of Mines. <All of this construction was done.on an 
impressive se&le and in a very substantial manner. The’ old iepereaiaae still 
survive and are in use, efter a hundred Years.” ae ee oes 

Operations on this scale finally ceased in 15675 The’ 4mmediate cause 
for the shutdown -was inability to secure necessary ‘guoplies, chiefly fuel 
for the boilers, during the nerind of nolitical and economic disruption _ 
following the French occunation of. the country. The water level-in the mines 
rose. ranidly after the shutdown. From 1867 to 1903 mining operations were of 
small importance, and consisted of robbing villars of richer ore above the 
water level and mercer rane: old durips on the ‘surface. 


a. - 


U 


The 3 Tregnillo Mining, Co. entered the district 4n 1903 and erected a . 
lixiviation plant for the treatment of ‘old tailings. A few years later it 
extended activities to the mine and in 1911-12 erected a 300-ton cyanide 
plant to treat the low-grade ore available in dumns and surface workings on 
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Prono Hill. Operetions had to be suspended in 1913 because of a revolution- 
ary unheaval and were not resumed until 1919, 


a oe” 


In November of that year the vronertv was leased to the Mexican Cortor- 
ation, an English compan, and a modern, .large-scale oneration vas uwnder- 
taken, Tne basis of this oneration ras the Hilltop orebody, proved by the 
exploration work of the rresnillo Mining Co. to contain at least 5,000,000 
tons of nayable ore. A modern cyanide plant having a capacity of 2,200 tons 
per day was built to treat this ore. The »vlant was subsequently enlarged 
and has treated a maximm of approximately 125,000 tons of ore per month. 
Thorough exploration of the property added greatly to the ore reserves. 


':.Qnly very meager data extst:as to:the production:of former operators. 
Horever, on the basis of the old-tailings left by them, it aprears reason- 
able to conclude that the mine had produced, vrior to :the advent of the 
tresent com any, a total of at least 4,000,000 tons of ore. From this at 
least 20 ounces of gilver. per ton was recovered,. making ‘a-total production 
of at least 80,000,000 ounces of silver. These figures are approximately 
and provebly lowe. . 9°). oe SG cote Bee 


Since the incention:of its operations the present company has produced 
10,046,000 tons of ore fron which 41,275,000 ounces .of silver hag been: re~ 
covered, esc ee 2% ae. . woe coe Pere a. A EE ok of fr oko he, eR : 


‘Total produetion from the mines: is thus: shown to be in excess of 
120,000,000 ounces of silver. Gold occurs in the ratio of about 1.4 grams 
ber Kilo of silver, or 0.114 per cent. 
7 a GEOLOGY 

Proaiio Hillis dome shaped, rising with gentle slopes. to about: 325 
feet above the plain. Its major axis lies east-west and is about 4,590 feet 
long, Transversely, its minor axis is about 3,000 feet long. The plan 


(fig, 1) shows the surface of the hill, .the principal surface workings, and 
the relative locations of the wrincipal orebodies. Sections of the orebodies 


are Shown in Mgure 2. 


The country rocks are-svales and graywackes, probably variants of the 
same sedimentary series, of Devonian age. No igneous rocks have been vosi- 
tively identified within the developed area, althouvh certain minor variants 
0: the sraywacke have been netrologically classified as rhyolite tuff. 


a oe orebodies in Proano: Hill constitute a true stockwork formed in an 
fae zone of intense fracturing. On several of the larger fractures 
ae while small, was suffictent to make formal (regular) veins. 
f tre cf importance was entirely absent. Because of the friable nature. 
sie *ormations, cross fracturing and shattering took place in every con- 
eraligg rT eC thon, and the entire fractured zone was subjected to the min- 
densaaes = influences. Except in a few. of the larger fissure veins the 

ion of minerals took place in minute veinlets on the fracture planes 
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with little penotration or alteration of the deeetien ce iaaaes. In many 
superficial aspects ‘the whole deposit bears a resetiblance to the porphyry- 
covper i a though, of course, it is pundenentel Ty different from oe 


. There is very little segregated quartz. in the. érebodleas hisverthisreay: 
-Proano Hill owes its existence to a pronounced degree of silicification of 
_the country rocks, which very probably was from the same source as the 
metallization. The nrincinal metallic nineral introduced was pyrite, accom 
panied by traces of lead, zinc, and copper sulphides, and carrying also the 

. original silver minerals. Manganese in some formwas a very important con- 
stituent of the mineralization. There is little evidence of secondary sul- 
phide. enrichment. The entire stockwork has been thorougaly QaTaNEO ns and the 
ore has. @ characteristic reddish to blackish color. 


tke Hishen: oxides. of manganese ‘tend to reduce the solubility of the 
di lver in cyanide, and have presented a difficult metallurgical problem. 
Mill recoveries have averaged between 70 and 75 per cent. 


Again referring to Figures 1 and 2, it is noted that whereas individual 
names have, for convenience, been anplied to different parts of the denosit, 
as "Hilltop," "Catillas," "Pilar, etc., the whole may be regarded as a 
single contimous orebody of irregular form. From the top of Proano Hill 
to the lowest part of the Pllar orebody the vertical extent of the nepoey: 
is approximately 850 feet. _ . Co 


PHYSICAL CHARACTERISTICS 0 OF ORE AND ) ENCLOSING ROCKS 


, Both the stockwork and the enclosing rocks have three characteristics 
which are favorable to mining operations and which have had an i as 
influence in securing low mining costs. 


| a; The ‘rocks aril very easily, except ina fod minor areas ox: more 
intense silicification. | 


of tinbering is required: to Buyer? the a a 


| Se The rocks are. friable and readily break into comparatively small 
pieces under the impact of high exvlosives. 


"Hilltop Orebody 


The form and extent of tlie Hilltop orebody are shown in ie ae 1 and 
2 > Toe outstanding features of the orebody that apiece? the choice of 
a mining. method were: 


LL it was ‘comparatively. shallow. 


2. its greatest horizontal extent was at or near ie surface. 
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Je The siieee convent of the ore varied considerably in different = 
of the deposit, so that many porate of oa would be necessary to ae 
a balanced Proguctrons = _ | os 


The shane and nosition of ihe orebody indicated the ehsice of an onener | 
cut mining method. Steam shoveling and glory holing vere Rone tseress pe 
the latter method was selected for the following reasons: . 


1. Glory-hole mining is extremely simole in detail, and could be carried 
out by the untrained labor available without assistance of the large foreign. 
organizstion that would have been required by the steam-shovel method. 


2. To secure comparable costs, large steam-shovel units would have been 
required, and the orebody could have been attacked in only a few places, 
vhereas witan the glory-hole method many points of attack would be available 
and @& belenees production could be more easily maintained. | ; | : 


A reserve of broken ore could be maintained in the glory holes to assure 
@ constant milling rate, whereas any serious breakdotn in shovel operations — 
vould entail an pale aoe Peeueese in milling rate. 


4. The polit naee: exnense for ecuipmert and preparation was greatly in 
favor of the ¢lory-hole method. ; 


San Micolas Orebo 


The location and extent of the San Nicolas orebody will be apparent upon 
reference to Figure 1. It constitutes a westerly extension of the Hilltop 
orebody, lying along the nrincipal fractures under the San Pedro feult, and 
in an area of intense cross fracturing. 


Apart from the principal San Nicolas orebody, numerous smaller orebodies, 
consisting of. flat-dipping lenses, extend in all directions, and add consider-. 
ably to the total tonnage of ore. The area had been extensively worked by - 
former, operators, end a maze of old workings was accessible, extending down- 
vard to elevation 38. 


The principal part of the orebody lay in @ position favorable for the 
glory—-hole method. The smaller and outlying extensions of the orebod; were 
mined also by small glory holes from the surface, or by underground open 
stopes on the eins which rere equivalent to glory holes insofar as little 
or no shoveling was required. 


The shane and extent of the Catillas orebody will be apparent upon refer- 
ence to Figures 1 and 2,B. This orebody had the following principal features: 


l. It had been extensively worked by former operators, and the mass of 
the orebody was badly shattered by the caving of a large proportion of the 
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old workings. Many of the old stopes were filled with material which would 
constitute ore under present conditions. 


2. The silver content of the orebody was somewhat higher than that of 
the Hillton, but not sufficiently sO. to justify the use of a eeees under- 
ground mining method. a 


3. Tne wall rock adjoining the orebody was relatively hard, and ewig 
turbed by old workings. 


4, Certain blocks of very sal ore were hard and solid, and would require 
special attention to insure their clean extraction. 


5. The orebody, as indicated in Figures 1 and 2,B, lay in two distinct 
parts, called the North and South branches, separated by a block of waste. 


6. The O-meter haulage way through which the Hilltop orebody was being 
mined vassed through the uvper part of the Catillas orebody. Production 
from the Catillas orebody, therefore, could not be started unttl the Hilltop 
was practically exneustons re 


7. This erepeds ranked next in size to the Hillton, and would be re- 
quired to produce the bulk of the asad tonnage when the latter was exhausted. 


Nose 6 and 7 were the deciding factors in the choice of a mining method. 
Glory-holing was the-only tetlod that would meet the requirements for daily 
tonnage. The selection of this method was, however, fortified by other con- 
siderations. An efficient zlorv-hole organization was available and the 
mining of this orebody would follow naturally upon the Hilltop operation. : 
In spite of the waste strinning that would have to be done, experience in 
the Hilltop operations indicated that the. glory-hole method would give a 
lower mining cost on the Catillas orebody than any other method. The block 
of waste between. the two branches of the orebody presented a problem. If 
silver vrices were high, this block would pay for extraction under a cheap 
method and dilution from it would not be a vital consideratio:. If silver 
prices werc low, this blocikt of waste would have to. be separated, and this 
separation would be more easily accomplished under the glory-hole method than 
under any other. The shane of ‘tie orebody was peculiarly favorable to the 
glory-hole method. Although complete extraction. of the. orebody by glory—hole 
mining vould not be nossible because of the excessive stripping of waste that 
would be required, the bulk of the ore could be ravidly and cheaply extracted 
by this method, leaving the lower and richer portions of the orebody in a 
favorable condition for extraction by other mek ones such as PuOr: slicing or 
block caving. a i 

The Catillas and San Nicolas ‘orebodies were mined concurrently, after 
the exhaustion of the setaaicl oe : . 
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Pilar Orebody Oo, 


- The position, form, and extent of the Biter anecay are showh ‘in aes 
1 and 2,C. The orebody had the following outstanding ChBractensateeet 3%: 


le It was long, Berson and deep-seated. ee NSE cs “es 


2. Its silver content was nearly twice that of the Hilltop aaa Catillas 
orebodies. 


35. A high-grade streak in the vein had been mined by former operators, 
and the old stopes had either caved or were filled with material now,classed 
as ore. The payable ore was made up of these old fills, pillars left in the 
- yein, and very irregular areas of good ore extending into the walls. | 


The governing factor in selecting a mining method for this agubeay was 
its relatively high silver content, which made it necessary to mine it with 
a minimum of dilution, Glory holing was rejected because of the prohibitive 
_amount of waste that would have to be strinned. Any overhand stoving method 
was out of the question, because the badly broken nature of the orebody would 
make the operation extremely hazardous, if it could be carried on at all. 
-Any caving method appeared certain to result in heavy dilution in the irregu- 
- lar parts of ths orebody, and might entail the entire loss of some of these 
extensions. 


Top slicing was selected as being the cheapest method that would permit 
complete and clean extraction of the ore with minimm dilution. <A new organi- 
- Zation would have to be trained; but, on the other hand, the daily-rate of 
.. production from the orebody was not a factor, because of other and ample 
_ sources of production. 


San Pedro Orebo 


The position, form, and extent of the San Pedro orebody are shown in 
-Figures 1 and 2,4. This orebody represents an irregular extension of the 
. Hilltop orebody at: the intersection of the San Pedro fault with the main 
fractures of the Catillas system, in a zone characterized by pronounced trans- 
verse fracturing. Both orebody and walls were exceptionally firm and solid, 
though honey-combed by the open stopes of former operators. The orebody was 
irregular in form, and consisted of streaks of high-grade ore between masses 
of lower grade but nayable material. While relatively unimportant in com- 
parison with other. orebodies, it contained an important tonnage of Breeee 
than average grade silver ore. 


The orebody. could not be comnletely mined wit hout weakening the walls 
of the Catillas orebody and thus imperiling the glory-hole operation. If 
mined by the glory-hole method, as part of the Catillas operation, a heavy 
tonnage of waste would have to be strinved, which would have to be hoisted 
at a time when the general shaft was already taxed to capacity by the 
Catillas operation. =: : 
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' In view of all conditions, the decision was reached to mine out the 
areas of better~grade ore by open-stope methods, wnich as finally developed 
amounted practically to underground glory holing. Ample pillars of lover- 
grade ore would be left, which could be recovered by eevee methods after 
completion oF. the Catilias glory-hole operation. ee : 


METEODS OF SAMPLI HG AND ESTIMATI on 


_ The tonnage estimate of tie Hilltop orebody, made by the Fresnillo Mining 
‘Co., was based on extensive samplin? of cuarry faces and floors, and of a few 

crosscuts driven by the comnany. Other parts of the orebody were samvled from 

the maze of old workings by drilling more than 700 holes with hand steel. 

_‘ nese holes usually were 3 meters decp, and were drilled at right angles to 
the main fractures at any riven noint. In taking over the property the 

Mexican Cornoration accepted the tonnage as stated; but reduced the estimated 

silver content by 10 per cent. -The operating results when the extraction of 

_ the orebody was completed indicated that the true silver content of the ore- 
body, was about half-way between the. ‘tro Seen meuene | 


The following general ee welete to the Seatodies other than fue 
Hil ltop ia Were developed by the Mexican conporanton: 


The ‘“owie were develoned on’ the several . levels by sacaticl wgsacats 
‘at intervals of from 50:-to 100 feet. These crosscuts were carefully channel- 
sampled in ‘blocks 2 meters longs. Assay maps were made for each level, . and 
upon these maps the orebodies were delimited, giving consideration to.. the 
_ mining method to be used. For instance, sharp reentrant angles could be 


|  altowed | where top slicins was:to be used but were not nermissible-where the 


ore was to*vé mined by glory holing because of the difficulty of closely. con- 
‘trolling the operation. In thus "smoothing" the outlines of the orebody. some 
ore was excluded and some low-grade material was included at ‘ita..assay. value; 
the intention was to make an estimate of recoverable tonnage that would be 
checked by operating results. 


Vertical and parallel cross sections at intervals of 5 meters were con- 
structed from the assay‘plans. At each level an assay yalue was assigned to 
each cross-section by wei anting its relation to the two. nearest crosscuts. 

_ An assay value for each ore'area on the cross. section was calculated by. 
“weighting t he assay value of the upper and lower.levels bounding it. Ore 
"areas were then measured by planimeter on each of the cross sections, and 

@ total assay velue for’ each cross section wes calculated by i as its 
component Panes - * : 

Cubic sehbente: were catearaved by footers the. areas of sea a of 
adjacent cross sections and multiplying by the. interval of 5 meters between 
them. The silver content of each of the 5-meter blocks was obtained by weight 
| ing ne ened values’ Of the’ ‘two cross Bec tions. ere it. os 
The specific cies: of ‘the ore was’ determined by seeiaant The er 


“ged varied from 2.2 to: Le 5, devending’ on ee Adages oF: Eker eat old 
fill, and solid material, | : it 
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In estimating silver content, a preliminary discount of 10 per cent was 
applied to actual assays, as allowance for probable errors in sampling and 
assaying. As an additional precaution, the work of the local sampling 
organization was checked by resampling a considerable numbcr of crosscuts 
under the close and detailed suvervision of an outside engineer. 


| In general the estimates of silver content have checked quite closely 
with operating results. Recovered tonnages have ‘usually been somewhat higher 
than the estimates, vrobebly because of the fact that wherever it was diffi- 
cult to determine specific gravity accurately, because of the presence of 
old fills, the more conservative figure was used. 


In laying out the Catillas glory holes ana estimating the ore and ‘waste 
contained in. them, theoretical contour maps were drawn to represent the in- 
terior surface of the finished pit. The orebody had its greatest horizontal 
extent at about the 44-meter level. The first-:contour drawn was. therofore 
‘laid out at this elevation to enclose the entire oretody within asmooth out- 
line containing as little waste as possible... From the 44—meter level to the 
surface, contours were constructed at 5-meter vertical intervals, the slope 
in each part of the glory hole being governed by the character of the ground. 
In the parts of the glory hole where the ground was firm.and. solid a slope of 
2to 1, or 63-1/2° was used. According’ to experience in mining the Hilltop 
orebody this vas the maximm safe slope for solid ground. Its use in the 
Catillas orebody, which‘ ‘is now nearly mined. out, has been justified by the. 
results. Where ‘the ground was broken or. soft a slope of 45° was used. From 
the 44-meter level downward the governing factor in the shape of the pit was 
the. location of ‘the | ‘several chutes and grizzlies at. the 105-meter level. 
Contours from the 44-meter level downward were also constructed at 5-meter 
vertical intervals, with maximum slopes ‘of 63-1/2° to the bottom of the 
theoretical pit. These contours were then transferred to the cross sections, 
and the theoretical slopes were constructed. Each cross section was then 
studied in detail as to (a) ore left outside the glory hole, and (b) waste- 
to-ore ratio of the ground at the poriphery of the glory.hole. In consider- 
ing the inclusion or exclusion of any given section of ore by modifying the 
shape of the pit, the amount of waste affected by the change,: or the waste- 
to-ore ratio, was considered in each case, as well as the grade of the ore. 
The higher the silver content of the ore, the higher would be the economic 
limit of the waste-to-ore ratio. Ore on the periphery of the pit was con- 
sidered in detail with this viewnoint, and the final outline was arrived at 
by the cut~-and-try method. In parts -of the pit rhere the orebody was irregu- 
lar in both plan and section the contours had to be revised numerous times 
before the final design was determined. Falling silver prices in recent 
years have made it necessary to revise the pit se Several times to meet 
the new conditions. : 


Waste tonnage was determined in thaaome manner as the « tomon; of ore. 


| Figure 3 is a typical cross section of the. Catillas orebody, showing the 
relation of the estimated and actual pit lines to the orebody itself, 


134 ; Se ee Ooas 


Google 


I.C. 6661 


METHODS OF DEVELOPMENT AND STOPING 


General Development 
Hilltop Orebody 


The outlines of the Hilltop orebody were closely delimited by the maze 
of quarries in Proatio Hill, and by crosscuts driven from them at an elevation 
of 25 meters above the O level. 


Fizare 4 shows the general plan of the haulage way driven at the O-meter 
elevation to permit large-scale mining of the deposit by the glory-hole 
method. The buttom of the orebody was from 20 to 60 feet above the haulage- 
way, oxcept for the two downward extensions represented by the Catillas and 
San Pedro orebodies, so that practically all of the haulage way was driven 
in waste. <All of the Hillt:p orebody was extracted through this haulage way, 
as well as a part of the Cz.tillas. .Ample room for a mill site remained on | 
the hillside below the portal of the haulage way. 


The standard cross section of the haulage way was. 10 feet wide by 9 feet 
6 inches high. Timber was required in only a few places. All curves were of 
100-foot radius. The track was of )-pound rails laid to a 36-inch gage on 
6 by 8 inch by 6-foot pine ties at intervals of 2 feet 6 inches; it was. well 
ballasted. The grade was 0.5 per cent in favor of the load. 


Crosscuts were driven to prospect several favorable blocks of ground. 
These crosscuts were 3 feet 6 inches wide and 6 feet high, and were driven 
without track. Wheelbarrows were used to handle the material to the main 
haulage ways, where it was shoveled into cars. This work was done very 
cheaply. . ~ 4 


Glory-hole loading stations were installed at intervals of 150 feet along 
the main haulage ways, staggered so as to be on the corners of equilateral 
triangles. Figure 5 illustrates the standard loading station installation.4 
Raises of circular cross section 10 feet in diameter were driven from the 
grizzly chambers to the surface. Advantage was taken of old workings in 
planning these raises; they were driven at various slopes and directions to 
reach their objectives with the least possible amount of work. The raises 
ranged from 125 to 200 feet in length. 


Catillas and Pilar Orebodies 
Coincident with preparations for mining the Hilltop orebody, unwatering 
of the deep parts of the old mine was begun through an old shaft to the east 
of the Pilar orebody. from this shaft access was had to the Pilar and 
Catillas areas through an old level at an elevation of from 105 to 112 meters. 
The old workings were useless for any modern mining purpose, as they were 


4 — Baker, T. C., Fresnillo Glory-hole Mining Practice: Inge. and Min. Jour.- 
Press, vol. 116, Dec. Le 1923, DYe 931-942, 
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Grizzly, block-holing chamber aud ore pocket - Detail of grizzly . 


F ‘ , ; ‘ 
igure 5,- Standard loading station installation, showing grizzly chamber, 
oré pocket, loading chute, and details of grizzly construction 
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Figure 6.- Part of |105-meter level. Old workings and preliminary crosscuts shown 
in dotted lines 


STEEL SET, GENERAL SHAFT F 


Well plates 6°A | 
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DETAIL. OF BLOCKING 


Figure 7.- Steel set and method of blocking, general shaft 
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crooked and drifts varied in elevation as much as 10 meters between ends. 
However, they*gave immediate access to the desired parts of the mine, and © 
mde it possible to.determine the outlines of the orebodies very quickly “ 
and cheaply. Three by six foot crosscuts were driven from these ‘old workings 
at advantageous points, the material from the crosscuts being stored in the * 
old workings. Figure..6-is a nlan of the 105-meter level, and shows a part 
of these old workings and the crosscuts driven from them. 


With the outlines of tneee: two orebodies established and a sufficient 
tonnage of oré indicated; comvrehensive development was ‘undertaken. | An‘ ol 
shaft, extending: to the 105~meter- level and conveniently located, was equipped 
for tenvorary service, and levels were driven from it. at elevations of 44 and 
105 meters. These. two levels were placed to take advantaze of certain old 
drifts that were in good: condition and at suitable elevations, to’ be ‘uged, In 
consequence, these levels vere opened up. very rapidly. ware 


The 44—meter level was ast yen primarily for the purpose of screen 
rather than extraction, and the Catillas and Pilar orebodies were thoroughly 
explored at this horizon. - Drifts and crosscuts were 5 by 7 feet in cross 
section. In and near the orehodies the workings had to be timbered. Subse- 
quently a part of the level was enlarged for haulage to 7 feet 4 inches high 
above the rail, 5 feet 6 inches wide at the top, and 7 feet 4 inches wide at 
the bottom ins ide of the timbers. Caps were of 10 by 10 inch timber and ? 


a wes, 


feet long. Posts were of 10-inch round timber 8 feet long. 


The 105—meter level, part of which 1s shown in Figure 6, was established 
as the princival haulage level, and the main drifts were placed to skirt the 
orebodies. These workings were of the standard haulage drift cross section 


described above. - 


AS unwatering of the old cies eonvinusd, access was teats the Pilar 
area through old levels at elevations 142 and 165, and additional crosscutting 
ras done from these old workings; The Pilar orebody was proved to extend 
downward to within a few meters of elevation 165, and the lower limit of: the 
ete orebody was le oo be at EE EnOeEer rose elevation 135. 


A naaiacs level was seen from the ‘General shaft at elévation 65. This 
level had to be timbered in and near the saaaeaiaaiiin and Was driven with the 


standard cross séction. se ae 


General Shaft.--The Senerar shaft was sunk for ciate the Catillas and 
Pilar orebodies. It was.tocated alongside of the O-meter haulage way so that 
it would be served by existing tracks. The collar of the shaft was placed 
at a suitable elevation to provide ample storage in the surface bins above 
the O-meter haulage way at the minimm cost.. The shaft is 7 feet 8 inches 
ride by 32 feet 9 inches long and is lined with steel sets; a horizontal 
cros8 section of the shaft and a detail of the method of blocking the steel 
Sets are shown in Figure 7.. The general surface arrangement of the shaft and 


Ore bins is shown in Figure 8. a ae eee 
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The shaft was sunk from the surface in full cross section. At the same 
time raises of small cross section were driven from the 44—-meter and 105- 
meter levels. After the raises were connected this section of the shaft was 
stripned and the steel placed from the top downward, the waste from stripping 
being drawn off through the raises. The method was cheap and safe. Below 
the 105-meter level the shaft was sunk and lined in full section. 


The shaft is in very good ground and is largely without lagging. Gunite 
was used in some places where the ground had a slight tendency to slack and 
scale... Masonry was used to support a number of large slabs that developed afte 
shaft timbering was complete. In several places where lagging was required, 
worn rods from the Marcy mills were used. A hook was forged on one end of the 
rod to fit over the outside flange of the steel wall plate. The rods hang 
vertically and the lower ends engage the next set below. They are spaced frm 
10 to 20 inches apart, depending on the thickness of the rod and the reight :©° 
to be sunported. Sheets of corrugated iron were placed behind the rods with 
the corrugations horizontal, and the space between the sheets and the ground 
was tightly filled with waste rock. The corrugated sheets were painted on the 
back side with heavy crude oil to retard rust. Installations of this type 
made in 1922 Bene required no subsequent attention. 


ladders are of steel and manwey landings are of concrete. The division 
between the ranway and skip compartments, above the 135-meter level pockets, 
is of 3/4~inch mesh steel screen. Below these pockets, the division is of 2 
by 10 inch planks, fitted tightly in the channels of the 5-inch H-beam divider 
A tight division is necessary to confine the loading spill to the skip compart 
ments. This timbering is the only fire hazerd in the shaft, but no satisfacto 
substitute for it has been found within reasonable cost Limits. The wooden 
lagging has the additional great advantage that it can be replaced safely fro 
the manway compartment without stopping the skips. As the shaft upcasts werd, 
moist air, this lagging has been damp at all times, and represents only a ezal 
fire risk. With the excention of that at the 105-meter level, all the shaft 
stations are. in hard ground and are untimbered. 


‘The shaft is eeaceeted autends of the steel sets fa 30 feet below the 
collar. The headframe.is of steel. Ample storage capacity is provided in tc 
‘bins at the collar, at a very moderate cost. 


The cost per foot of excavating end "timbering" the General shaft from t 
collar to a depth of 800 feet was as follows: 


Cost per foot (U. S. currenc a 


EXcavation w.ccccccccscccccsece $41.94 
Timbering (steel sets) ..seeee-e 116.61 
Tramming and hoisting ......... 11.10 

Jie  BXPLOSIVES swatecsercseceseases: “9650 
Miscellaneous woccecsocsccsvece 14093 $194.08 
LADO eee G10 eee ww kw baw eee See $0.18 | 
SUPULLGS: Waeiwwsnewswecesusesiere “99602 
POWEr sesccccccccccececcecccces 4688 $194.08 
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Figure 9.- Typical section of glory hole: A,First stage; B, second stage; 
C5. FA 


inal stage 


Figure |1.- Typical nana-tramming caving 
level, 65-meter level, Pilar orebody. 
Crosscuts solidly timbered, with drawing 


Figure 10.- Typical caving sublevel, Pilar orevody, chutes on poth sides in alternate sets 
elevations 30, 37, 44, 54 
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Figure I12.- Typical top-slice floor 
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The above. figures include all items charseable against the shaft, calcu- 
lated as cost per vertical foot of finished shaft. The cost of the concrete 
collar, the loading vockets for the 105-meter and 165-meter levels, and the 
construction of the surface bins, is included. The cost of the headframe, 


hoist, and other equipment is not included. 
San Nicolas Orebody 


“" Tais orebody was developed by sublevels at elevations O and vlus 15. 
Ore and waste from development were stored in old workings. A drift on the 
l05-<meter level was extended to a point underneath the orebody, and an ore 
pass: was driven which connected to old workings at elevation 38, where a 
grizzly was installed. Branches from this ore pass above elevation 38 reached 
the most important parts of the ore body so that the ore, when broken, ran 
direct to the grizzly without shoveling or tramming. Ore from parts of the 
orebody beyond the economic reach of branch raises was trammed on the O-meter 
level to one of the branch raises. 


Deve lopment Petails 


The adoption and enforcement of standard drilling and blasting practice 
has not been practicable at Fresnillo, princivally because of widely varying 
ground conditions. Rocke drills have been extensively tested and the most 
efficient models have been supplied. Much drifting and crosscutting have 
been done with unmounted jackhammer drills weighing 55 pounds; mounted ma- 
chines have been used where the ground was harder or greater sneed was de- 
sired, especially in the larger heading. Reising has been done with stoper 
drills, and in some instances with mounted machines. Drill bits are of the 
standard double-taner vattern. Three kinds of hollow drill steel are used: 
?/8-inch hexagonal for the jackhammers, l-inch round for the stopers, and 
1-1/4-inch round for the mounted machines. The first mentioned has been used 
in the glory holes; in develonment headings -ackhammers have been equipped to 
use the l-inch round steel. All drilling in develonment headings is done with 
ret drills. Either 30 or 40 ner cent strength gelatin dynamite is used in 
oo work. Mucking is done by hand, using a D-handled, round-pointed 

vel. 


Stoping 
Hilltop Orebody 


Glory-Hole Method.--Figure ° is a typical cross section through the Hillton 
Slory holes. The slope in the glory holes was maintained at 55° or steeper 
as long as vossible, or until the collar of the glory hole had been mined down 
either to the bottom of the orebody or as close to the grizzly as possible and 
a flatter slone became imperative. When the slope is steep the ore is more 
thoroughly broken up by falling after the blast and grizzly exvense is greatly 
reduced. This effect is most notable, of course, when workins high up on the 
Sides of the slope. The first cut in each cycle was takenat the bottom of 
the glory hole around the collar of the raise. Successive benches 8 to 10 feet 
in height were then mined; the direction of retreat was upward toward the rim. 
Yhen working in loose ground this procedure was occasionally reversed from 
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considerations of safety. When the bench had been completed to the rim, all 
sides of the glory hole were carefully barred down while the glory-hole raise 
was being emptied, so that the collar of the raise could safely be reached 
to start a new cycle. It was advantageous to maintain the steep slope as 
long as possible, to avoid the necessity of working the broken ore into the 
glory hole by hand. In cases where the bottom of the orebody was at a dis- 
tance above the grizzly it was profitable to start the cyle by taking a cut 
in waste around the collar of the glory hole. This waste was handled as 
such and not mixed with the ore, and the procedure was followed until the cost 
of breaking and handling the waste overbalanced the cost of mucking in the 
glory holes. Thereafter, slopes in the glory holes were successively flatter 
with each cycle, until a minimum of approximately 35° was reached. With 
slopes flatter than 35° it became impossible to mill down the ore without 
hand mucking. To extract the ore remaining between glory-hole raises, a 
horizontal bench was stai:+ed at the bottom of the ore and wheelbarrows were 
used. Although scrarers h2ve not been used in the glory holes at Fresnillo, 
the writer beiieves that vader favorable conditions, and particularly in 
irregular orelodies. lare scrapers could be used very successfully with 
glory-nole mining. Raising would ‘be: reduced and the mining of some waste to 
Greate sate slopes might Re evoreerts 


Where’ the ore extended below rhe: eieeig the i was. finally removed 
and the glory--hole cycles. were started at successively lower levels—-in some 
cases until the chute mouth was. reached. During this stage as mach block 
holing as: possible:was done..in the glory holes to avoid: excessive blasting 
in the chute mouths with consequent loss of time: in loading and tramming. 
Production’ from the glory hole was relatively small: during this final stage, 
but this was no great disadvantage, as the loss of production was easily made 
up from other glory holes.: ‘In a few places .the tonnage reneining between | 
glory holes was.sufficient to. justify the installation oF po cetesene load- 
‘ing: Braysone and short raises manor neous 


| Waste stripping Sn. the: HAl1top erevody, was smell in eneune. - and eoneteted 
mainly of the separation: of blocks of waste surrounded by ore, plus a small 
amount of material from: the rims of the holes that had to be, mined as a  satety 
precaution. 


The safe limit of glory-hole slope is a factor that varies greatly in 
different localities. At Fresnillo slopes in excess of 70° have been carried 
with entire safety, where they did not exceed 100 feet in height. The steeper 
slopes were inspected carefully every day. Sloughing occasionally took place, 
‘but it was small in amount and always gave ample warning. In planning glory 
holes where waste stripping was a factor and the ground solid, a slope of 
--63~1/2° was used; where the wall rock was less favorable, slopes: laid out as 
; flat as 45° were used. 


Drilling in the glory | holes was done with 55=pound je ciinatare: are 
7/8-inch hollow-hexagonal steel, the light weight. of which was an advantage 


_ because of the distance it had to be carried by hand. The machines were 
‘fitted with powerful blowing attachments for ee out the holes. The. 
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pressure at the drills: was a minimum of 75 pounds. Drilling was done with- 
out water. Water lines in the glory holes would have been an extra item of 
cost, and upkeen on the dry machines was less than if water had been used. 
Wet drilling would have made the:slopes slippery and dangerous in many places, 
and it was considered that the dust had no harmful physical effect inasmuch 
as drilling was done in the open ‘air. 


Holes arene about 9 feet in depth, and were given a burden of between 
3 and 4 feet. The average machine performance was about 120 feet of hole per 
S—-hour shift. All crilling vas done on contract on a basis of footage 
drilled, the rate per foot ranging from $0.028 to $0.036, U. S. currency. 
The drill crew consisted of a driller, a helpey, and a-tool nipper, the 
latter serving.two machines. A contractor usually had two machines, or more, 
and operated one of them himself. ‘Though paid on the basis of footage 
drilled, he was required to bar down the benches, except in special cases, 
and to carry his .own steel. Foot trails were maintained to all working - 
faces, and steel was carried by the tool nipper. from a central magazine on 
the rim of the glory holes to the. machine. All equipment and. steel were © 
carried out of the ‘elory holes at the end of the shift and. checked in at the 
magazine to prevent. loss. Dpilleré worked both day and night shifts, the work 
at night being confined to places‘ of lesser hazard. The average production | 
ner machine-shift was over 130 tons for the whole Hilltop ergverore 


The drilling erect ics described suowe was suited to the nature of the 
ground and the quality of: labor available, and it is thought to have given. 
about the best results possible under such conditions. — While it was satis-_— 
factory in operation and gave excellent results, the contract system used ~ 
had a@ serious defect: the contractor was interested only in drilling the 
hole as quickly and as easily as possible, and its location was a matter of 
no interest to him. Unless sunervision was close and careful, many holes of 
too great or too little burden would be drilled. At Fresnillo, a "hard- 
boiled" policy of refusing payment for such holes was adopted, but ane point 
was never reached where. ‘the tendency was entirely corrected. 


Blasting was done in daylight us by a special crew of men under a 
boss of long experience and vroved careful habits. The men worked on company 
account and were obliged to’ adjust their hours to the demands of the work at 
different times. Holes were sometimes fired at noon, sometimes at the end 
of the day shift, and sometimes early in the morning before the day shift 
came on. Usually, the blasters came on with the day shift and made up the 
estimated number of primers for the day's work. The primer consisted of a No. 
8 cap, one stick of explosive, and a fuse from 6 to 9 feet long. During the 
day shift, holes were loaded in places where drilling was not going on, and 
were occasionally blasted at noon. Loading of the holes. drilled on day shift 
began about the time the drillers were finishing their work, and the shots 
were fired about 40 minutes after the drillers had gone. The explosive used. 
was bulky, with a comparatively low velocity of detonation, and was rated at 
about 35 per cent strength. It was selected after extensive tests of a number 
of brands on the basis of tons of ore broken per pound of explosive. 
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| ‘The average eee vas 5 about six sticks of’ ‘explosive to the hole. The 
primer was placed near the. midile of the char 26, which'was well ‘tamped; tae 
_ tov of the hole wag filled. with the dry drill cuttines for stemming. - The 
ends of the fuses were assembled in groups of three or four, as far as 
possible, and the firing vas all done by hand, using a short wlece of nicked 
fuse as a spitter. An air whistle was used to give warnin,: of the blast. 
‘The work of spitting the holes was divided carefully among the men, each of 
whom would spit. his allotted holes and retreet to the rim of the glory holes 
Over an appointed route. There was never an accident to. a blaster in this 
Find of work. . | 


. A ae opening of 24 inches was used ‘throughout in datas the Hillton 
orebody. This wide onening was made possibly’ by use ef large chute: doors 
,and 10+ton tipple-dum ore cars on the O-meter haulage level which delivered 
directly to the syratory crusher at the inill. 


Then eo high un in ts, loey fase, and. while the slopes were steen, 
tae ore was rell broken up by falling, and the amount of block holing require 
on the grizziies was comparatively small. Grizzly expense increased very 
materially when. working around the collars of the glory holes and when the 
Slopes were flat. Grizzly men worked in pairs, each pair tending from one 
to turee grizzlies, depending on the coarseness oz: tne ore and tke demands 
of production. Point bars and &-nound hammers were used to work the ore 
‘through the grizzly until it became clogged with large rocks, which would 
then be-drilled and blasted. A el-pound jackhamner ras employed for block- 
holing, using 7/8-inch hexagonal steel; drilling was without water. Most of 
the holes drilled were less than 12 inches deep. The men retreated to the 
haulage level below when the shots were fired. | Both the bulk explosive 


previously mentioned and 30 per.cent strength gelatin dynamite were used in 


this work. Only .4 per cent of the total explosive consumed in mining this 


 orebody wag cneteet to: Becondery ol asting on the. epizzlies. 


The ery choles bates had an original diameter of 10 feet, and soon wore 
out much lerger, »They-never "hung-up" except in raily weather, and not then 
if worked oat eee so that. the ore: was kept moving and not permitted to 
pack. 


The brow of peele: over the: ices on the side next to the glory hole 
was found to wear: severely, so:that eventually the grizzly would become com- 
‘pletely flooded with ore and be difficult to work. It was necessary in such 
cases to. install a heavy baffle to hola back the. ore in the glory-hole raise. 
Steel beams were used for baffles in some instances, in others the baffle 
was made of four l2 by 12 inch timbers, . reinforced on the wear side with 
1/2-inch steel plate and faced with 50-pound rail riveted to the plate in a 
vertical position. The baffles usually were set in hitches cut in the rock; 
in’ some cases, where the raise had worn wide ag well as high it was necessary 
to line the sides. of the hole with masonry to reduce the opening to its 
original width so that the baffle would not have too great a span. 
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Under favorable condfttans; 1,650 tons of ore.has been put through a 
single grizzly in an &hour-shift.:, In: exeess of 22,000 tons of ore has been 
passed through a single-grizely in:4:month; working three ‘shifts’ aday. It 
was never possible to work a grizaly at-fyll capacity for. an entire month — 
because it was never desirible to: concentrate production in a single small 
area for a period of that:lehgthi Inthe. Hilltop orebody thé absolute 
capacity of a glory holej-when slopes-were steep and conditions favorable, 
would have been in the neighborhood:.ef 35,000 tons per month. In actual 
practice a monthly production of 380,000 tons was sproad over about 10 glory 
holes in order to. maintain a: silver, content in the ore produced that would © 
correspond to the average grade of the orebody. The average rate of produc- 
tion in the Hilltop ore body was between 8,000 and. 10,000 tons per grizzly 
per satel 

The effect of Scinealt ie to. be eongidoned in planning any onen-cut 
mining ‘opération. ‘Rainfall et:Fresnillo, though slight, ‘has been of con= — 
siderable importance at times. It amounts to from 10 to 12 inches annually, 
and occurs ap heavy showers of: short duration, concentrated in the last six. : 
months of the year. The. time lost by ore-breaking . crews is negligible, but | 
during’ ‘rainy weather workin the pits is: confined.as much as possible to the 
upper farts, as the moisture tends to. loosen. MASS eS of rock which are normal~ 
ly unstable. The most serious effects of rain on the mining operations were 
the tendency of wet ore to pack in the raises, and the flooding of under=:— 
ground workings: with md -and water from.the pit drainage. | The former diffi- 
culty was met by keeping the ore moving in the raises, or by drawing them 
nearly empty, ‘as stated above. This sometimes necessitated blasting twice 
a day or oftener. The flooding of the tracizs on the haulage often stopped 
production for short eriods. . The water could be drained off into lower 
workings,: but the mud had to be shoveled into cars. However, tramming on 
a reduced scale always ‘could be resumed.after a few hours, . and only rarely 
was more’ then 24 Hours needed to. omen the clean-up. . | 

“ite most serious effect. of rainfall on the ‘Fresnillo: ‘operation as a 
whole was at the mill, where the capacity. of the crushing plant eonet imes 
fell off as nach. as 60° Per ceuy wae the ore was yery wet. 


Gata 1les Orebody 


Glory-Hole Metho eee loading stations for the Catillas ore- 
body were installed on both the 44 and 105 meter. levels, . at irregular inter- 
vals, the irregularity being due to the broken character of the orebody and 
the’ consequent necessity ‘of selecting favorable places even at the sacrifice 
of the desired interval. The: standard loading. station set is an exact 
replica on a smaller scale: of the set uged on the O-meter level, except that. 
single instead of doubles chutes were: used.;. _ 


Figure 3isa irieat cross geet ton of. “ie ‘orebody, showing the ore 
outlines, estimated and actual outlines. of ‘the glory hole, and the arrange- 
ment of the glory-hole raises. . A string of raises was put up from the 44- 
meter level: ae eC fortis side or the orebady. to facilitate separation of 
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the V-shaped body of waste that lay partially above the ore. These raises 
vere all provided with grizzlies about 30-feet above the 44-meter level, 
similar in design to those used in the Hilltop orebody. Long raises were 
driven from the 105 to the 44 meter level, taking advantage of old workings 
wherever possible, and continued ‘through to the surface. Grizzlies were 
first installed about 30 feet-above the 44-meter level, and as the operation 
progressed, were moved dornward and installed successively at the 44, 75, 
and 95 meter elevations. Because of the sticky nature of some of the ore it 
was impossible to operate with high raises above the grizzlies, as such 
raises constantly hung uv and gave trouble. The space in the raise below 
the grizzly was seldom filled, and never in rainy weather; consequently, 
this part of the raise never hung up. 


The method of installing the grizzlies varied much in this Sense: 
Above the 44~meter level several of the raises to the surface required solid 
cribbing, and grizzly stations were constructed of heavy timber adequately 
protected with steel wear plates. In some of the raises masonry ore pockets 
10 feet square inside and 30 feet high were built up from the 105-meter level 
to carry the grizzlies at elevation 95. However, all of the principal 
features of the grizzly design used in the Hilltop orebddy were retained in 
the Catillas operation, as experience had proved that neue gave “he most 
Betis factory ‘Operating Eoeuitss 


’ The. primary anilling and lasting nréictice followed substantially that 
devéloped in the Hilltop operation. Because of tHe broken condition of the 
orebody, the footage of holes drilled per machine-shift was notably less 
than in the Hilltop orebody, and thé labor of barring-down was corresvonding- 
ly greater. Accurate figures as to tons per machine-shift are not available, 
but probably would be from 10 to 15 per cent under ‘the ‘Hilltop figure, which 
was about 130 tons. The favorable shape of the orebody, as: seen in Figure 
3, allowed steeper slopes to be carried throughout the operation. The ore— 
body has been mined down practically to the 85-meter elevation, with only 
an insignificant amount of hand mcking. Greater precautions: for saféty had 
to be taken than in the Hilltop oneration, and the slopes were constantly — 
and carefully inspected for loose récks and cracks. The glory-hole overation 
has been continued until the walls of the pit in the highest part at the 
northwest end are about 450 feet high, vertically, and are standing at an 
average slope of more than 60°. There has never been a serious accident due 
to a fall of rock from the walls, and only a few accidents that occasioned 
a loss of time for the injured men. : 


A grizzly opening of 16 inches was. adopted for the Catillas orebody. 
A smaller opening was made necessary by smaller tramming equipment and smaller 
chute gates on the 105-meter level, and by the fact that the ore had to pass 
through loading honvers and be hoisted in 5-ton skips in the General shaft. 
Because of the smaller grizzly opening, secondary blasting ras a somewhat 
more costly operation than it had been in thé Hilltop operation. Production 
per man-shift was lower, powder consumption on the grizzlies was higher, and 
the items of grizzly construction and maintenance were more costly. The fore- 
going were the vrincipal factors accounting for the increased cost of ore- 
breaking in the Catillas operation as compared with the Hilltop. 
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Pilar Orebody 


. Former operators had stoped a narrow high-grade streak in the Pilar ore- 
body continuously through to the surface, and these old stopes far the most 
part had ‘been left filled. From the surface to'a short distance above the 
44~meter level the orebody was tqo low-grade to mine. .Carefyl consideration 
was given to the breaking down of this overburden and to the formation of a 
cushion of broxen aes under watce ‘OP cca could be started with safety. 


| Caving Nethoas.<<madloration of the unper Masta of the orebody indicated 
that its extent and silver. content would not justify top slicing above ele- 
vation 89. Caving methods were therefore adopted to recover the ore above 
this elevation, with the further. idea that this operation would adequately 
prepare the way for top slicing below the 89-meter level by thoroughly break- 
ing the overburden and leaving it in a condition to follow the mat down. At 
the 44~ncter level the orebody was 15 feet wide. Downward the width increased 
to 35 feet at the 65-meter level. Because of this narrow width, caving levels 
were driven at short vertical intervals. {here were four caving levels, at 
elevations 30, 37, 44, and 54. (See fe. 10. ) 


meee 10 illustrates the peaceduber followed on these four upper inter- 
mediate levels. <A drift was driven in the comparatively solid north wall of 
the orebody, from which crosscuts were driven through the old fill and con- 
nected to each other on the south side at the edge of the ore. Where they 
penetrated old fill, the workings required timbering, and at times had to be 
spliled. Most.of the work, however, was safely accomplished without timber. 
Old pillars of rich ore in the vein where found were mined out as cleanly as 
possible. The pillars between the crosscuts were, then robbed to the limit of 
safety and blasted down in retreat. Sometimes the backs of the undercut 
openings were drilled and blasted, but not as a rule, for the ground usually 
caved readily when the supvorting nillars were blasted out. The ore broke 
up well, only occasional large blocks requiring blasting in the chute mouths. 
The vork on these sublevels resulted in the clean recovery of about 15 per 
cent of the better part of the ore, and left the remainder in a condition 
mach resembling a completed shrinkage stope approximately 80 feet high and 
300 feet long. The walls of the orebody, while not notably strong; were suf- 
ficiently so to prevent excessive dilution while the broken ore was-being 
ee 


The peahonpteas narrow, ana would justify only one aaelage arift. and 
one line of raises from the 105—-meter level. The drift was driven to skirt 
the north edge of the orebody as. nearly as possible, and 2~-compartment, tim- 
bered raises ae the eo eee level were Teceted along it at anterve of 50 
feet. : | 


The 65-meter level was ued ag & hanasiretetine Wiese eee: the caving 
oneration, and had its own independent system of raises. Figure 11 illus- © 
trates the method of caving and drawing off the ore at the 65-meter level, 
Which followed in a general way the method.taen in use by the Miami Copper Co. 
Chutes opposite each other in contiguous crosscuts were connected by 30° in- 
clined raises driven in the comparatively solid ground outside‘of the old 
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fill. These'raises were then *idendd tt the 14mit of safety on the gide anay 
from the fill. Pillars between the raises end. the old fill were next robbed 
as far as eefety would vermit and then dlasted down. Draving from the cautes 
was then started and carried on as evenly as possible over the entire length 
of the orebody, so as to prevent funneling. Very ig i ‘timber. was used in 
the undercutting operation. . ’ 


oes : E 
* re * 


‘Subsidence of the surface followed within a very few weeks after drawing 
off at the 65-meter level vas started, first in‘a narrow zone closely follor- 
ing the old filled stopes, but soon extending laterally as the wells surrount- 
ing the caved ore collapsed. The tonnage ayd silver content of the ore dram 
at the 65-met er level closely apordximated expectations. As the cost per ton 
of ore ‘drawn’ ras. quite low the. succéss of: the caving operation was indicated. 


Followiig | ‘thig ‘drawing operation the steboay was undercut. and caved at 
the 79-meter level by méthods very similar to those used on the upper sub- 
levels. ' Howev sr, the eréater width and higher silver content of the orebody 
at this elev: vion required that ‘the operation be carried out more carefully 
in ‘detail; ‘ard cars was taken to ‘reach the limits of the ore in all directions 
and to undercut -it thoroughly. No ore was drawn off at this level. 


At the 89-meter level, a complete floor was taken out of the orebody ty 
the square-set ‘method, and again care was taken to reach the ore limits in 
all directions. ‘The square-sets were blasted down in blocks as large as 
possible, to get the meximam shattering effect on the ore BOVE. 


At the 91-meter ‘level,’ a combination of top slicing ‘and brow caving 
methods was used, the details of which are not of special interest. A ca. 
plete floor was taken off by this method, and all of the broken ore below 
the S5-meter level was drawn off. A mat of double 3 by 12 inch plank yas laic 


‘Top Slicing. os ‘slicing ‘started at elevati on 94, and was carried dom 
to elevation 162, at a point 10 feet above the 165-meter level,’ where the 
orebody terminated. The method used varied greatly’ in detail @B new ideas | 
were developed from time to time. Figure 12, however,’ illustrates the generé. 
practice. Figure 13 shows the usual method of pambertnee, 


* The worle was ‘done on company account at the start, but was later put, on 
a contract basis.’’A uniqte feature was the system of payment. A prime neces 
sity when using the top-slice method is to get the floor laid as soon as 
possible. To insure carefulness in this respect, the contract price for ore 
breaking was fixed at so much for each floor board of standard size that was 
laid. This price was ‘carefully worked out and Was never changed throughout 
the whole operation. Other payments vere made’ for spiling, which was occa- 
sionally necessary, reinforcing: of timber, etc., but more than 90 per cent 
of the money paid the contractor was calculated on the basis of the floor 
boards laid. Even the driving of advance drifts was nut on this basis. 
After the adoption of this system, cases were very rare where the slice caved 
before the floor was laid: ‘Moreover, it was to the contractor! 8 pecuniary 
advantage to lay the floor as” closely and tightly as possible. oe 
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‘gee gate Orebody 


) Open, Sites ae in the San Pedro orebody was confined to small 
operations that could be carried on without weakering the ground to the ex- 
tent of jeopardizing the Catillas glozmy-hole vperation. The stoyes: may be 
described as small underground glory tivles, so planned as‘to re&:ce suoveling 
and traming to the minimm. <Adcseivate nillars were left to suprsurt the ground. 
The western and northwestern extramities of the orébody were ofived and drawn 
to completion after the limit of extraction by open-stonpe methcds had been 
reached, 


More than 70 ner cent of the total ore in the orebody has been recovered, 
leaving. the balance to be recovered by eee methods after completion: of the 
Catillas sieht operation. 


_ UNDERGROUND HAULAGE 


“ae 
uw 
, 


The locomotives on the eater level are aoe the trolley type, weizh 8 
tons, and use 250-volt current. Ten cars of the type shown in Figure 14 made 
up the usuat train. The average length of haul for the Hilltop orebody was 
approximate.» 1,800 feet. «This. equipment is now used for hauling ore from 
the General ‘shaft to ‘the, emuahing ek a distance oe ‘500 feet. 

Both cars and Ledemstives ‘have given excellent service as a result of 
adequate strength of design and.a high stancard of maintenance. After 10 
years of service, during which time 3 locomutives and 22 cars have handled 
11,100,000 tons of ore, cars and locomotives are as good as new Sr on the 
standpoint of the service they give. : 


| _ For transporting waste to the dump, a 4~yara side-dum car of the 
Western wheeled scraper type. was used with exsellent:results. The waste dump 
was managed eepordine, to the general: practice of _largé steam~shovel operations. 


‘ad and 105 nator Pevere: 


Tracks on the:44 and 105.meter levels are of 25-pound rail laid to 20- 
inch gage on 9. by. 6.: ‘inch ‘by 3. foot 6 inch pine ties. Braces at intervals of 2 
fest... . Grades are 0, 6 per: cent in favor of the load, * 7 


“-Tpesnots wee are. aimiier to. nee uged on Ane’ pansies level, ena ‘Uikewtse 
use 250-volt current,.;bat weigh only.4.5 tons. Cars are of the sable-bottdmed 
type with a capacity of .70 cubic feet and a maximum door opening of 1 foot 6 
inches. From 8 tq 14.cars are handled in a train, depending on the length of 
the haul and the switching facilities at the different chutes. The average 
length of haul for the ce orebody 1 was seein 650 feet. 


When full eroaaetl eee yes f irst reached en the: Catillas orebody, two trains 
were operated on the 44-meter never and one on the 105-meter level. Ata 
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later stage one of the trains.from.the 44-meter level was moved to the 105- 
meter level and the remaining one was used principally for handling waste 

from the north, side. of the Catillas. orehody. In the final stage, after the 
atrivping of waste was. nearly completed, @ll of the equipment was concen- 
trated on the 105-meter level but. only two trains were operated. ‘The haul- 
. ege.was much more efficient when done on. two levels,. because of ‘léss inter 


.. ference of the trains. When, operatinz at the 105-meter level, ona three _ 


shift per 24 hour. basic, in dry weather. and when, loading conditions are 


average capacity of more than 3, 500 tons» per “aay. 


ape mereh Level . 

“tac pec it ica tea mere ‘the ‘same on the 165 as on ‘the 105, meter level. 
Power was supplied by a 4--ton, storage-battery locomotive. ‘The batter was 
of the ikdison alkaline type, had 84.cells, and.a deliverable current capacity 
of about 300 ampere hours. <A charging station was maintained on the level. 
Tramming was on a 2-shift basis,..and two batteries were maintained for the 
locomotive. Cars were of the rockef—dump ° design, with a a pace of 35 cubic 
meets From 8. ae 12 cars pmety oe in 8, train. ... 


7 “HOISTING . ie ae | 

Ore is hoisted in the General. shaft. The skips are ‘of. 135-cubic foot. 
capacity, equivalent to 5 metric tons. They have cast-steel crossheads with 
single safety dogs of. special design, and weigh about 4 tong. Sheave wheels 
are.of the bicycle type, 8 feet in diameter. Cables are 1-1/6-inch diameter, 
and are right-hand Langlay,. special pcale. congtruction, | of the. best ere 
quality. The. hoisting speed is 800, feet, per, minute. ae 

The hoist is of a double-drum, post-brake pattern, driven by a 450-hp., 
2,200-voelt motor through.a ;single reduction. .of herringbone,gears, The brakes 
-- are controlled “by oil. under pressure,. and. | are. counterweighted ta set automati- 


Pally. when .the oil pressure is released.-..They are connected through a solenoid 


trip to Lilly controls, which automatically cut off the electric current and 
allow the brakes to set, in case of, ,overspeeding or overwinding. The drums 
are 6 feet in Letemetas and are not eee | 


oad 
a SO A a ee A 


which is ‘equipped with | a heavy ‘taffle, ‘to. break the. fall. The. ore is loaded 
from the transfer chute into a shuttle car which travels on a trestle parallel 
. to the long axis of the shaft and-dumps into any one of the five storage bins. 
This car is of the gable~bottomed type, and has a capacity..of 150 cubic. feet. 
It is operated by a.small electric haiet’ mounted at the and of. the trestle. 
The. five storage bins have chutes along the O-meter haulage-way_ (Fig. 8). . 
equipped with check. gates ‘and underemung .cu cut-off gates eanotly, Wik » Apes, ‘used 
in the glory-hole loading. Stations | on. this, ‘level. . 


adie 3 These bins provide. surface storage capacity of. mora than 60 per. cent 
of | the daily production. Traming on the O-meter level is thus nearly, Af. 
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not quite, indevendent of the’ ‘hoisting, ‘and can ‘be regulated to achieve the - 
naxinnm efficiency of, the. trains. and the crushing plant at the mill.. - 
Ore from ‘each. ‘orebody can be kent . separate until delivered to ‘the crusher, 
As the only reliable production sample that can be secured igs the one cut by . 
an automatic. sampler at the mill after crushing, the separation of the ore 
until after this sample has Been cut has been very valuable in furnishing a. 
reliable check on the grade of ore from each of the several orebodies. : 


Figures 15 and 16 show the arrangement of pockets and skip-loading 
mechanism serving the 105-metér level. This installation was made in 1924, 
and still gives excellent service. . The unper transfer pocket is essential 
rhere ore from different: sources is to be kept separate. The hoppers are | 
easily manipulated end ‘ranid in action. The average halted time of the. skip 
while receiving its load is 6 seconds. The chief criticism of the ins talla- 
tion is that it operates w.th considerable violence, with a resulting high 
cost of maintenance. The rvetardation of the action by means of ‘springs or 
counterweights would be desirable, but no practical system has been devised 
to secure’ this- Fesult. Access to the control gates of the upper pockeues is 
had by way of a small crosscut from the shaft manway . | 


Figure 17 shows the corresponding installation to serve the 165-meter 
level. The hevpers were given a 6maller horizontal cross section and a. slope © 
of 60° to render them less violent in action. The mechanism retains all the 
other features of the other installation. It is slightly slower, operates . 
more smoothly, requires less maintenance, and is considered a better installa- 
tion. 


The hoisting capacity of the shaft has never. been demonstrated over a 
long period but is estimated to be more than 1, 700. tons per 8-hour shift from 
the 105-meter level pockets. 


The service cage is 12 feet long and 5 feet wide. It weighs approximate- 
ly 4 tons and is counterbalanced by a 5-1/2-ton counterweight. The hoisting — 
speed is 600 feet per minute. The cage hoist is driven by a 150—hp., 2,200- 
volt motor through a single reduction of herringbone gears. The drums are 6 
feet in diameter and are grooved. Sheaves and cables are the same as used on 
the skip hoist. Brakes are hand operated. The hoist is equipped with a amas 
eooraee to prevent overspeeding and overwinding. | 


WAGE, CONTRACT, Ann Bonus SYSTEMS alia 


The contract system has been ‘generally ‘in force on all parts of the work 
where measurable units of output for small groups of men. can be accurately: - 
measured.- Practically all aévelopment, preparation, and ore breaking..are. on: 
this basis, Timbering of routine or standard nature is contracted wherever . 
possible. Tramming, hoisting, and servicing of various kinds are done on | + 
day's pay. - | | a 
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Contract prices are carefully fixed, usually: by the foreman directly 
in charge of the work, and are changed as seldom as yossible. Good work — 
is recognized, and is not penalized by price reductions below the average 
basis. Certain contractors, recogized as capable managers, always have 
high earnings, while others are continually "scraning bottom." The latter 
are given the benefit of special supervision, and every effort is made to 
develop them into good managers. Hopeless cases are eliminated as. soon © 
as they are recognized. The contractors mostly are Mexicans, with a 
sprinkling of Italians and Greeks. . 


Contractors ‘and men are guaranteed a minimum daily wage, which they 
may draw daily from the time office if they wish, such payments being 
charged against the contract. Contracts are liquidated four times each - 
month. The balance due,. after all deductions, is paid directly to the con- 
tractor, who personally . distributes excess eernnee among the men in such 
proportion as he sees f meas | a 


The independent. ete tade of the. Fresnillo workmen holds the searbastaxe 
well in chec't; those who do not share a reasonable portion ‘of their excéss 
earnings with their men soon become paCens a ne better men will not "or 
for them . aes : 


The company maintains standards of perecmnn inflexibly: drifts and 
raises must bs full size, waste must: not be broken in the stopes, etc.; but 
to get these results, supervision nust be close and discipitine firm. Work 
not executed in an acceptable manner will not be paid for in full wtil the 
defects are made Bees 


The ‘gontractor: is always a man of iener oe average er eae 
and amenable in some degree to the company's viewpoint. With his incentive 
of personal gain, and with proper handling, he supplies ¢ a mean eles 
which..close euperyreren of the work can be pecuere : 


For about - three years, 1924-1927, an extend ive, trial. was given ea the 
bonus systen,. in the belief that it. would lead to a more general and even. 
distribution of earnings among the men, one more nearly vroportioned to 
their. individual efforts, and in this way promote individual efficiency. 

The men were organized in the smallest possible groups, each group under a 
petty boss. Standards of output were established from records of past work 
done on a contract basis. The system was’ carefully .explained to the workmen, 
and was under the administration of men of ample experience. Although good | 
results were obtained at the start, the system finally failed, partly because 
of peculiar. characteristics of the workmen. -A week when bonuses were good 
would invariably. be followed by one of: slackened production and much laying-~ 
off on the part of the men. When bonuses were low, discontent prevailed. ~ 
The bonus, came to..be looked on merely as extra pay, and the local unions 
began to make it a subject of discussion. When results were poor, there was 
no direct and forceful way of handling the situation. It is possible, how- 
ever, that the failure of the bonus system was due to the following three 
principal causes: (1) The widely spread labor unrest that was sweeping the 
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country at the time; (2) insufficient supervision; due to the diversity of 
the operations and the vide areas covered by the foremen; and (3) the fail- 
ure’ to enlist the entire cooperation of petty: bosses and group leaders. Many 
of these latter became successful oe acwone when the contract system Was 
restored. : 


VENTILATI Ol 


Natural ventilation of the workings has always been adequate, hecause 
of the existence of many old workings to wnich connections were made at 
frequent imtervals. 


FIRE HAZARDS 


The ae fire hazard in the mine has been the top-slice area. Prac- 
tically all of the workings in:this area were timbered and the mat itself, of 
course, Was an ever-present danger. It was recognized that a fire here would 
be disastrous. All of the workings in and around the area not actually re- | 
quired for ventilation or extraction of. ore were tightly sealed off with ade- 
quate masonry bulkheads. Fire doors were ‘constructed at stragetic yoints 80 
that gases could be controlled in the ewent of fire.. Fire extinguishers were 
kept at handy places in the area, and bosses and contractors were instructed 
in their use. Connections were made: from the main air lines to the pump 
columns in the nearby pump shaft so that a large volume of water at high 
pressure would be at once available if required. The aréa was patroled by 
inspectors at all times when men were not working there; that is, on the 
graveyard shift and on Sundays and other holidays. 


A large number of men wére’ trained: in the use of oxygen breathing apparatus, 
and four crews of five men each were-képt in continued training. Demonstrated 
ability to use the apparatus has been a requisite for employment of a foreign 
boss in the mine. <A smoke room was provided to make the training as effective 
as possible. Fire drills were held in the top-slice area at least once each 
month. SO aa : 


The top-slice opsration was carried through to conclusion without a serious 
fire. The only threat of fire in the whole operation was a very sméll and 
smouldering blaze that resulted from blasting timber in a well-ventilated part 
of the slice. A wide-awake Italian boss extinguished the fire in a few minutes _ 
with the contents of three fire extinguishers. The area for 10 feet or so | 
arcund the blaze was at once re-opened by spiling to insure that no ‘sparks re- 
mained, and the area was kept under close observation for several weeks after- 
ward, but nothing further occurred. The incident served as a warning of ‘the 
ever-present danger, and gave a practical demonstration of the high value of 
careful and well-understood directions as to what to do in case of fire. 
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FIRST-AID ORGANIZATION AND ACCIDENT PREVENTION 


Because of the extreme likelihood of the infection of open vounds in this 
country, first aid to injured men in the mine ig reduced to the minimum of 
simple bandages, splints, and tourniquets, and a large number of workmen and 
all of the bosses have been trained to give this treatment. The policy is to 
get the injured man to the hospital with all possible dispatch. In serious 
cases, when it would be dangerous to move the injured man, the doctor or his 
assistant comes to the mine. Stretchers are kept at convenient places under- 
ground and first-aid material is kept in the principal magazines... A completely 
equipped first-aid station is maintained near the collar of the General shaft. 
The company maintains a complete and modern hospital. 


| Safety work is under the direction of a Mexican engineer... He has under 
him a corps of inspectors who are.constantly in the mine, .on the lookout for 
dangerous conditions.. Whea found, such conditions are ime diately. reported to 
the boss. directly in charge of the work. ; In urgent situations, the. inspectors 
have authority to stop. the. work. until the place has been inspected by the 
boss, who then assumes all further responsibility.. The inspectors make daily 
revorts to the safety. engineer, who personally das apes conditions 
and tales them up with the mine officials. . 7 


The use of goggles, hard-boiled hats, and shoes or ‘sandals of ieecdat 
design is oblizgatory for all men. underground. ..The use of canvas keggings is. 
also required of men working on grizzlies. or other places where leg protection 
is necessary. This mterial'is sunplied. by the company at a price considerably 
below cost. 


Bach lost-time ‘accident. is personally. investigated by the safety engineer 
and the foreman in charge of the work, usually accompanied by someone of higher 
euthority, If possible, the accident is reenacted to determine. the personal 
“responsibility. _ Reports are. made to the management, and are ‘followed up in 
detail. lay-offs are now apvlied to expérienced men who are injured by. their 
own carelessness, and to contractors, bosses, and others who countenance viola- 
tion of safety regulatinns. . This mgasure was adoptai as being. the only way of 
influencing those men who are not amenable. to other menace: a ae inves ti- 
ae is made of each case before. -taying, off a man. ae | 


All bosses are. raid a monthly. safety bomus based upon ‘the total shifts 
worked under their ee and. the number of accidents panne to their 
acme Ses % : et: 


Once each month the mine workings are ‘thoroughly insnected by ‘committees 
of workmen, accompanied by the safety engineer or his assistant... A written | 
report is made of all conditions thought to be unsafe, and these reports are 
discussed at a monthly meeting of the committees, all of the foreman and 
bosses, and the mine officials. Each recommendation is given thorough con- 
sideration, and a definite decision is promptly reached. It is then the duty 
of the safety engineer to follow un on each accepted recommendation and see 
that is is carried out. 
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The contractors are called together once each month and the accident 
record for the preceding month ‘is discussed with them in detail, particularly 
vith reference to the accidents that occurred among their men and to measures 
that can be taken to avoid similar accidents in the future. 


A general safety corhinittee, comprising the management, department heads, 
and principal assistants, meets once each nonth for a review of the record of 
the previous month and for the discussion of safety matters of a more general 
nature. 4 


By far the greater vart of the accidents that occur are comparatively 
slight in their nature and can be traced directly to the following causes: 
(1) Inadequate clothing; (2) personal carelessness; (3) lack of intelligence 
or plain torpidity on the part of the injured man. Injured men receive full 
time while incapacitatcd, so that many of them do not give sufficiently 
serious regard to a minor accident involving a few days lost time. 


At present,-a special effort is being made to bring home to every man 
his responsi bility Yor his own safety. This is being done by (1) determining 
the personal responsibility for the accident in every possible case; (2) by 
personal lectures to the men who are injured, by the safety inspector, the 
foreman invol\e%, or in more serious cases, by the mine officials; and (3) 
by discipline in the form of lay-offs of from trree to five days for injured 
men who are convict ed of caret ee snes or. indifference. 


It is probable that future progress in accident prevention at Fresnillo 
mist be along these lines. | 


Accident St ati stics 


Complete statistics. to cover the early years of the operation are not 
available. For the year. ended June 30, 1925, the accidents per 1,000 ona eee 
worked in the Hilltop orebody were as follows: 


Fatal ....e2+e 0.00 
Grave wesecese 203 
Minor eesecees 09 
Total .eseseee 0.62 


The above figures cover all snifts charged to the Hilltop operation 
including transportation, surface, and general mine expense. Grave accidents 
were due to two vrincipal causes: (1) Failure to keep the slopes of the 
Slory holes carefully barred down; and (2) failure of workmen always to be 
tied with a rope when worsing in steev and dangerous places. 
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For the’ ‘six ‘years from July os 1925, to ‘June 56: 1931, Ope breaitae. 
‘accidents per 1, 000. sre ceca for aa two ) princinal mining methods were 
‘as follows: — Soe s 


ae “a i. Ne 


o “Watal ..ccessceessceese ~ 0.0044 0.0048 
Grave @eeeoeeoeeeoaedeeeneoecesd@ 20286 0095 
MiNO© .d0:44:4ds-berewee eee eater 8762 . 


TOtGIS: ivsscducubeseces*. ©" 70,4058 066905 


The above figures apply only to ore breaking and do not include trans- 
portation, surface, or general mine expense. They exclude also accidents 
that do not occasion a loss of time for the injured man. 


For divisions of the work other than ore breaking, the accident statis- 
tics for the oxide divisions can not accurately be separated from the total 
for the mins. The following tabulation of total accidents per 1,000 saifte 
worked for the whole mine, including the sulphide divisions, is therefore 
presented as showing the general trend. - : 


Yeur ending June 30 Fatal Grave Winor . Totpl 
19296 0,020,002 80 | 


1A 
1927 0.01 0.01 1.42 1.44 
19238 Oe OB 0202.5 1.31 1.36 
1930. Oss ie ae Ol 1 0,04. : 0.86 = 0.91 
1931 : 0:03: 0.03 © 0.62 0.68 © 


The decided improvement in-the necords for the last two years is te 
result of a determined effort to neduce the number of accidents and to 
interest the workmen in their personal safety. ‘The effects of a safety 
campaign are cumilative to a considerable degree. It has been difficult. to 
establisno a trend toward lates bik once “established, it is. ‘expected | 
to continue. eo ee 
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Table 1. - Eilltop orebody 


Glory-hole method. oe $3,858,688 tons of ore. 


I.C, 6661 


July 1, 1921 to June 30, 1925. | 67,092 tons of waste stripping. 


A - MINING COSTS (in U. S. dollars per short ton of ore) 


vision | Power | sives eicualaaed supplies Total 


Development ... | $0.0179 | $0.0024 | $0.0018 | $0.0040 | $0.0023 


Ore breaking .. 0574 
Secondary blast 0193 
Transportation.  .0252 
General under 

ground expense 20050 
Surface expense 0085 


Totals cesceses | OolZ8 .0289 | 0.0571 | 0.0032 | 


$0,0069 |$0,0353 


00182) 1497 
0014; 0252 
0106, .04352 
0018 | 0075 
~0006; .0041 


0.0395! 0.2650 


Per’ cent of total cost 


Labor and supervision .i...ccceceese Sled 
Power and supplies Skew eee Aces. Vee eo wo 


r 


B - MINING COSTS (in units of labor, nover, and supplies, per anoet ton of 


ore or per. foot of advance) 


Ore productiom Development (313 tons mined ver 
labor (man-hours per. ton) foot of advance) 
re breaking .ecccsccocee 0.522 

Secondary. blasting. ..+..2. «129 Labor, man-hrs. per ft... 32.14 
Transportation wecces.coe - 0129 Power, Kw.h. per ft. .... 41.5 
General underground exp.. 023 Supplies: 

Surface expens© .......0- _ O14 . Explosives, 1b. per ft. 5,04 
Total were reer ere eee ee "0.627 Timber, bad. ft. per ftés 1569 


Tons per 8—-hour man-shift 12.76 
Power (Kw.h. per ton) 

Ore breaking .cccccrcsece Letl 

Secondary blasting ....c.e 12 

Transportation .escrccccece A 

General underground expe. 205 

TOUCAl. 664.0. saesesdewesoas <ceOl 
Supplies 

Explosives, lb. per ton.. 0.217 

Timber, bd.ft. per ton .. 0.070 
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The waste—to-ore ratio in the Hilltop orebody was 0.917 to 1. As the 
foregoing costs are calqulated on the basis ox tons of ore, the figures 
should be divided by 1.017 to ottain the cost per ton of material: minds.” 


Table 2. = ie other ne the HALL top ~— 
— Orebody Wining method = Petlod- -  “!? Tonnages ™ 
Catilles ak Sans. v4, <b Ble. “eet ae. 544,94” 
Nicolas ~~ | a Pe Saal ee ee | Ce eee. 
” Pilar | S i “Top slice ee ee 436,500” 
. San Podro ge Miscellaneous | 26) mos. 1996 and | 130,000 


peace : 2. 4939 


A - MINING costs (in U. S. besa ton of ore) 
| Super- 


vied on ae Timber: Other | total 


Labor sives_ Ti supplies 


| Power 


Development .... ei o125 electing’ pee 0075 5 0.0126 0.0 (01711 $0.0383 [30,1887 
Ore breaking: | |. | 
Glory hole «.. | .1303| .0179| .0290'| 0584] ° 0037) 


Top slice .... .6179]:°° 0179} .0707| .0574|. +4100 .0258 | 1.1997 


.Miscellaneous. -e3673| .0179; .0707; .0654; .0045; .0242 5500 
Transportation... | 0874; .O071| .O181|] .se-se} oeeeee! 0269 01395. 
Gen. underground | - fe iE BS ee 

expense ereece | 20659 eee eS 0140) eogééed ‘eeercoee! 0763 | 1562 


: ‘Surfdéé ene: “20089 ee re a er : evecen ernacace eoer ae 0015 +0104 


te yo Plus 3 328,360 tons ‘of betas stripping. 
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Table 2. — Orebodies other than the Hilltop--Contimed 


Tec. 


6661 


B- MINING COSTS (in units of lubor, power, and supplies, per short ton of 
ore or per foot of advance) 


Ore production 


Labor 


(man-hours per ton) 


Ore breaking: 


Power 


Glory nole ......... iaice lerecerate 
POD: SLL CG: e.s:.e0 oso ea 4 6 aw 600 ace 
Miscellaneous .... 
TranSportation saecccccccccscccccsece 
General underground expense .ce.e. 
Surface EXPENSES ceecccesesccvscece 


(kw. h. per ton) 


Ore breaking: 


Glory HOlO ssc cesiesseveess cs 
Top SLICE ccceccccccccceseces 
Miscellaneous ....ccccccccsen 
Transportation cweccoccsccccsnccccs 
General underground eXpense ...... 


Supplies 


Explosives (lb. per ton): 


© waste-to—-ore 


Th 
0.292 to l. 
under 1 


Glory hole @eeeeoeseesveoeeeoevee0a8e8e@2e @ 


Top slice @ee0eo5ues# 8e8eoeeeeeeeee ses @ 
Miscellaneous .ecccccccccvece 
Timber (bd. ft. per ton): 


Glory hole ...... 


Top slice ......... 
Miscellaneous ...... 


0. 800 
3.830 
l, 664 
2598 
1] 
e009 


0.343 
0358 
0385 


082 
9.151 
010 


ratio in the Catillas and San Nicolas orebodies was 
As the ore—breaking costs given above for these orebodies 
Glory hole") are calculated on the basis of tons of ore mined, those 


figures may be divided by 1.292 if it is desired to obtain the costs per ton 


of material mined. 


°n an ore basis, 


184 


Google 


=i 8). = 


The costs shown for "Transportation," being calculated 
may likewise be reduced by dividing by the factor 1.13 to 
ton of total material handled. 


, 
= | \ 
Mt l, 
< | 
S 
—- i $ % 
ELEN \ os — 4) \ 
=F Zw ——7 Ss —<— ASS a Sy ’ J 
y 
| 
, 
\ 
y 


Underswurg gore 


a 


©L beams 4 support the 


ber of 6 Shee! tH beornrs 


= | | oe en eT 
: 
~ a iy ad , 


60° cfr 


"lide 
. 
) 
‘ 
| 
se = —— : 
wz 


| CARRE EL | 
: 
9 
‘ 


SWAFT 


t 

| i 

Yj 

YS ENVY WY Wc > ay 
HN 


Ground 


SS) 


is 
> 
~~" 
t 
\\" 
| . 
fA 
’ “~~ 
%Y 


Figure !7.- Projection of loading pocket, |65-meter level 
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